We re-valued three antigenic types within the genus Trichosporon as the causative agents of summer-type hypersensitivity pneumonitis (SHP). Corresponding standard strains, TIMM 1573 (serotype I), TIMM 1318 (serotype II), and M9456 (serotype III) were assigned to species T. mucoides, T. asahii and T. montevideense, respectively, based on 95% or more DNA/DNA relatedness with each type of culture and other genetical, physiological and morphological characteristics. To confirm the significance of these serotypes, 98 other strains of Trichosporon isolated from patients' environments and 24 CBS strains, including type cultures of species described within the genus, were serotyped. Serum antibody analysis of 220 SHP patients against Trichosporon spp. were also examined to estimate the antigenic profile of SHP. The present results indicate that T. asahii and T. mucoides, which are the most common causes of trichosporonosis, appear to be the major causative agents of SHP. These observations suggest a common pathogenesis of Trichosporon inducing hypersensitivity and infection, depending on the immunological status of the host.
Introduction
Until recently nearly all clinical isolates of Trichosporon were classified as T. cutaneum (de Beurm., Gougerot Vaucher) Ota or T. beigelii (Kiichenm. Rabenh.)
Vuillemin [1] [2] [3] . However, it was suggested that deeply invasive isolates of T. cutaneum might be genetically distinct from superficial and environmental isolates [4] . As disseminated trichosporonosis is a significant problem in many patient populations [5 10 ], estimation of the pathogenic potential of isolates from clinical materials needs to be made [4, 11] . Variation among isolates from different sources was demonstrated morphologically [11] , immunologically [12] and genetically [4] . Gudho et al. [13, 14] Correspondence: Dr M. Ando Previously, we reported that the genus Trichosporon was a major causative agent of summer-type hypersensitivity pneumonitis (SHP), the most prevalent type of hypersensitivity pneumonitis (HP) in Japan [15] . Trichosporon isolates were found extensively distributed in the home environments of patients [16] ; 95% or more serum samples from patients contained (anti-Trichosporon antibodies [15 17 ]. Inhalation challenge with the antigen was positive in almost 95% cases [17, 18] , and elimination of the yeast from the patients' homes prevented the disease [19] .
In the present work, the Trichosporon agents of SHP were identified according to the new taxonomy [13, 14, 20] and were also serotyped in comparison with 24 CBS strains of revised genus Trichosporon [14] . 
Materials and methods

Strains used
One hundred and one strains of Trichosporon spp. were isolated from 31 home environments of 38 SHP patients by culturing. Petri dish settle plates containing Sabouraud glucose agar (SGA), were opened for 10 rain to collect airborne propagules. House dust and swabs of various surfaces were also cultured of SGA [16, 18, 19] . The plates were incubated at 25 °C. The sources were old damp wood (28 isolates), house dust (26) , straw matted floors (16), budgerigar droppings (13), bed clothes or closets (8) , air (8) and carpets (2) . All strains were originally identified as T. cutaneum according to Kreger-van Rij [1] . Among these strains, however, three were designated as producing standard SHP Trichosporon antigens, namely TIMM 1573 (serotype I), TIMM 1318 (serotype II) and M9456 (serotype III). Twenty-four CBS reference strains were also examined to include type (or neotype) cultures of the taxa recognized within the genus [2, 14] and three more strains of the most common pathogenic species, T. asahii. The type culture of T. pullulans was also investigated although it has been shown to be phytogenetically unrelated to the genus Trichosporon [14] .
Taxonomic revision of Trichosporon standard SHP antigens
The three SHP standard strains of Trichosporon (TIMM 1573, TIMM 1318, and M9456) were assigned using methods of molar percentages (tool%) G + C of DNA, DNA/DNA reassociations, 26S ribosomal RNA partial sequences, and physiological and morphological characterization as described in the revision of the genus Trichosporon [2, 13, 14] .
DNA extraction and purification
Standard and reference strains were grown at 25 °C in 1 L of YM medium (0.3% yeast extract, 0"3% malt extract, 0'5% peptone, 1% glucose) on a rotary shaker at 200 rev min -1 for 2 days. Cells were harvested by centrifugation, suspended in extraction buffer (4 mM spermidine, 1 m~ spermine, 10 mM EDTA, 100 mM KCI, 20 mM Trishydrochloride (pH 7-9), 14 mM 2-mercaptoethanol, 1 mM phenylmethlysulfonyl fluoride, 0.5 M sucrose) and frozen at -20 °C until further use. Cells were broken in a Braun homogenizer with 0.5 mm glass beads, and DNA was purified using the method of Marmur & Doty [21] with two final isopropanol precipitation steps.
Assessment of mol% G + C was carried out twice for each strain by thermal denaturation (Tin) using a Gilford Response II spectrophotometer with thermoprogrammer.
DNA of Escherichia call K-12 with Tm at 75"1 °C in 0'1 x SSC was used as the standard.
DNA/DNA reassociation was determined using the spectrophotometric method described by Kurtzman et al. [22] . Reassociations were verified twice and reassociation values over 80% were recorded as proof of conspecificity.
r RNA extraction and purification RNA extraction was performed according to Guadet et al. [23] . Material was ground in a mortar with sand and liquid nitrogen. The resulting fine powder was soaked in 0-9 ml extraction buffer (50 mM hydroxymethylaminomethane, pH 7'4, 150 mM NaCl, 5 mM ethylenediaminetetra-acetic acid, 5% sodium dodecyl sulphate). Nucleic acids were purified by four phenol chloroform (1:1) extractions, with elimination of double-stranded DNA by a final precipitation in 3 M LiC1. Purity of rRNA samples was estimated from spectrophotometric absorbance ratios 2601280 = 2-00 2-15 and 2301260 <0-5, Integrity was verified by non-denaturing agarose gel electrophoresis.
Sequence analysis.
A selected region of the 26S rRNA subunit was targeted with the primer 5'GGTCCGTGTTTCAAGACGG (initiated at nucleotide position 635) and 290 nucleotides were partially sequenced by the dideoxynucleotide chain termination method as described previously [24] .
Cultural characteristics and physiology
Cultural characteristics were observed based on strains grown for 10 days on SGA without antibiotics [2] . Physiological testing used ID 32C identification strips (bioM6rieux S.A., France), which were read after 5 days incubation at 25 °C, and was supplemented with growth at 37 °C and tolerance to 0-1% cycloheximide. Micromorphology was obtained using 2% malt extract agar slide cultures [2] .
Serotyping of Trichosporon type strains and environmental strains
The 24 Trichosoporon reference strains (CBS) and the 101 environmental isolates were serotyped by slide agglutination tests with Trichosporon antigenic factor sera I, II and III, prepared by the absorption method [18, 25] . In addition to the basic serotyping method, the indirect fluorescent antibody (IFA) method with serotype I and II-specific anti-Trichosporon monoclonal antibodies [26] was applied to CBS strains to determine their antigenic variation.
Serum antibody analysis of SHP patients against
Trichosporon species Kumamoto University School of Medicine, for 3 years (1991-93). Of these samples, sera from 220 patients who meet the criteria [15] for definite or probable diagnosed SHP were studied. The antibody activities to Trichosporon, serotype I (TIMM 1573) and II (TIMM 1318) antigens were examined, as previously reported [15 17 ], using the IFA method of Vogel [27] and the gel double diffusion method of Gerber & Jones [28] with slight modifications. Ethanol-treated cells were used for the IFA method and culture-filtrate antigens were prepared by the double dialysis method of Edwards [29] for use in the gel double diffusion method. Prior to being tested against the three standard and 24 CBS strains, 25 of the SHP sera were classified into three groups as follows: group A, the low titre group (n --5), in which IFA titres were 1:32 to serotype I to II and less than 1:32 to the other; group B, the high/low titre (II > I) group (n = 7), in which IFA titres to serotype II ( > 1:32) were four times or over higher than those to serotype I (_<1:32); and group C, the high titre group (n--13), in which IFA titres were 1:64 or more to both antigens. Sera with I > II antibody titres were too rare to be estimated and categorized. Sera of 20 healthy adults were used as control.
An absorption test was performed on 13 sera samples from group C. Cells of each, or a mixture of TIMM 1573, TIMM 1318 and M9456, were mixed with an equal volume of pooled serum samples and incubated until antibodies to the mixed cells were absorbed (_< 1:8). The absorbed sera were then tested for the antibodies to CBS strains by the IFA method [16] . When antibodies to a strain reacted at the titre of 1:16 or more after absorption with three standard antigens I + II +III, the pooled serum was absorbed with the strain and retested against the standards.
Results
Assignment of Trichosporon standard SHP antigens
Assignment of the three SHP standard strains of Trichosporon is shown in Table 1 . TIMM 1573 (serotype I) was re-identified to be T. mucoides, based on 98% DNA/DNA relatedness and 100% rRNA sequence homology of the strain, with T. mucoides type strain CBS 7625. The mol% G + C of DNA and physiological key characteristics were identical with those of human-associated T. mucoides [2, 13, 14] (Table 1) . Similarly, TIMM 1318 (serotype II) was re-identified to be T. asahii, based on 97% and 100% DNA/DNA relatedness with T. asahii type strain CBS 2479 and T. asahii CBS 5599, respectively, and 100% rRNA sequence homology with CBS 2479. The mol% G + C of DNA and physiological key characteristics were also identical with those of human-associated T. asahii [2, 14] . The standard strain of serotype III was re-identified to be T. montevideense based on 95% DNA/DNA Trichosporon [13] were serotyped by cell slide agglutination with factor sera l, 11 and Ill [17, 28] . The results were inserted in a figure of an unrooted phylogenetic tree of Trichosporon species [13] . Z pulluhms, which did not react to factor sera, was excluded from the figure. (), serotype; NR, non-reactive; I IlI, reacted both factor sera I and llI. *Type or neotype cultures.
relatedness with T. montevMeense type strain CBS 6721
and rRNA sequence identical to that of both strains previously recognized within this species, CBS 6721 and CBS 8261 [14] .
Serotyping of Trichosporon type strains
Serotypes of the 24 CBS strains of Trichosporon analyzed using factor sera are shown in a figure of a phylogenetic tree of Trichosporon spp. [14] (Fig. 1 ). CBS strains of T. mucoides, T. asahii and 22 montevideense were serotyped as I, II and III, respectively. Twenty strains (83'3%) reacted to one or two factor sera. Species which are neighbours or belong to a same monophyletic unit of the non-rooted tree were the same serotype (Fig. 1) T. cutaneum, T. jirovecii and 7". mucoMes; serotype lI: all four strains of T. asahii and T. inkin were identical with those using factor sera. Though the other 11 strains reacted slightly to the monoclonal antibodies, the correlation of the data with the taxonomy was not so clear as factor sera. 
Serotyping of Trichosporon environmental strains
Serum antibody analysis of SHP patients against
Trichosporon species strains were carried out using 25 sera samples from SHP patients, divided into three groups (Table 2) . Patients' sera reacted broadly to the reference strains at lower titres than to the standard T. asahii TIMM 1318, with the exceptions of both T. pullulans CBS 2532 with group A sera and T. du/citum CBS 8257 with group C sera which showed higher titres than TIMM 1318. Pooled serum samples from the high titre group were absorbed by antigens and residual antibodies to CBS strains were examined (Table 3) . Sera absorbed by every antigen used showed a broad reduction of titres and no correlation between the serotype of antigens used for absorption and the residual titres to that of CBS strains. The pooled serum was also cross-absorbed with seven Serological analysis of the 24 reference strains of Triehosporon was made using 25 sera of SHP patients into three groups. IFA titres were expressed as a mean value. The mean titres were determined logarithmically. Group A was the low titre group (n = 5). Group B was the high/low titre (ll > I) group (n = 7). Group C was the high titre group (n = 13), Control was the normal healthy group (n = 20). *Type or neotype cultures, strains which showed 1:16 or more IFA titres after absorption with three standard antigens I + II + II1. Sera cross-absorbed with CBS 8189, CBS 6864 and CBS 2532 reacted to TIMM 1318 at the titre of 1:64 and the others reacted to TIMM 1573 or M9456 at l:32 or 1:16 except for one with T. coremi!forme CBS 2482.
Discussion
We assigned the causative antigens of SHP [15] [16] [17] [18] [19] 26, 30] to be T. asahii and T. mucoides and examined their serotypes. The taxonomic revision, using molecular data, more clearly defined the genus Trichosporon [13, 14] , although some points remain under discussion [20, [2, 13, 14] . The genus Trichosporon actually consists of a large number of species, most taxa occupying well-defined ecological niches. Thus the species involved in systemic mycoses can be differentiated from those causing white pie&a, colonizing human bodies superficially, or deriving mainly from the environment. We had not expected the standard strains isolated from the environment to be assigned as species involved in systemic mycoses. However, TIMM 1318 and TIMM 1573 showed DNA relatedness of 100% with T. asahii CBS 5599 and 98% with "E mucoides CBS 7625, respectively. CBS 5599 originated from purulent material from an inflamed gland of a patient in India and CBS 7625 from meningitis in lymphocytic leukaemia in Belgium [14] . These two standard strains were also identical to other T. asahii and Pooled serum from group C (n = 13) was absorbed with SHP standard antigens and the residual antibodies to 24 CBS strains were titred. Own**: IFA titres to the self strain used for cross-absorption. *Type or neotype cultures.
T. mucoides strains involved in human deep and/or systemic mycosis in physiological characteristics [2] (Table  1 ). All these data indicated that we had isolated human deep mycoses-associated species T. asahii and T. mucoides as agents of SHP from environment. Furthermore, we isolated 101 strains from only specific niches of patients' homes but none from 195 control homes [16] . We also obtained valid evidence that the standard strains could cause fatal disseminated trichosporonosis in immunosuppressed mice (unpublished results). Fungal surveys have been studied as potential predictors of invasive or disseminated mycoses [3,5-7,10,32 34] . Most of the mycoses complicating anti-neoplastic chemotherapy are nosocomial infections, which were classified as being hospital-acquired (exogenous) or arising from endogenous flora [33] . Trichosporonosis is commonly thought to be an example of the latter [6] ; however, Walsh et al. [7] reported that among 15 patients colonized or infected by Trichosporon spp., four of five with disseminated infection had negative surveillance cultures. Conversely, five colonized granulocytopenic patients did not develop active infection. Moreover, clusters of trichosporonosis among neonates and adults in summer months have been reported [7, 10] . In Japan, the geographical distribution of reported trichosporonosis overlaps with that of SHP [15] . Fujishita et al. [35] reported that three of four cases of Trichosporon pneumonia were community acquired. All these findings taken together suggest an exogenous source for the agents of trichosporonosis. Surveillance cultures, identified according to the new taxonomy, should be applied not only to patients themselves but also more intensively to their environments to investigate and prevent the nosocomial [14] , groups 2, 4 and 5 showed serotype I, II and III, respectively. Groups 1 and 3 were genetically heterogeneous [14, 20] . Group 3, except for T. coremiiforme, showed serotype II but the antigenic potency of five species, which reacted only to a batch of high titre-factor serum, appeared to be lower than other serotype II strains. Within a species, TIMM 1318 and four CBS strains of T. asahii showed a variety of antigenic potencies against polyclonal sera obtained from patients (Table 2 ) but further study is necessary to interpret this finding.
Environment-associated group 1 was unlikely to be responsible for SHP because the serological patterns are different from those of isolates. The standard strain of serotype III was assigned as T. montevideense and 16 environmental strains (15.8"/0) of serotype III might belong to group 5. The environment-associated species T. montevideense was also unlikely to be the causative antigen. This is because a positive inhalation challenge test was never provoked by T. montevideense M9456, in spite of being 95% positive when provoked by 7". asahii TIMM 1318 and/or T. mucoides TIMM 1573 [18] . Serotype I was more frequently isolated but less reactive with patients' sera than serotype II. Based on these data, we concluded that T. asahii TIMM 1318 and T. mucoides TIMM 1573, in order of antigenic potency, were the major causative antigens of SHP.
We were interested in identifying other possible species which had heretofore been identified, according to ref. 1, as T. cutaneum, serotype I or II, but not T. mucoides or T. asahii, especially those which might react to a low titre group. For this, we analyzed SHP patients' serum antibodies to CBS strains but none of the strains showed the required serological profile. Serum antibodies of SHP patients were polyclonal and reacted to all examined Trichosporon spp., regardless of the serotypes, although the serotype-related antigens produced by TIMM 1318 and TIMM 1573 are critical to induce SHP in patients [18] and also in animal models [26, 30] . The polyclonal antibodies of SHP patients used to mislead people into nominating Cryptococcus neoJormans as a causative agent of SHP [36] . This misunderstanding was attributed to the antigenic cross-reactivity of Trichosporon and Cryptococcus [12, 16, 17, 37] .
The causative agents of the most prevalent type of HP in Japan have proved to be T. asahii and T. mucoides. Environmental microbiology and immunological pathogenesis common to infection and hypersensitivity induced by Trichosporon deserves continued attention in order to investigate high-risk patients with this infection and hypersensitivity.
